In all of the forgoing size scaling experiments, the stimuli were presented in isolation against a blank background. As a result, retinal size ratios (or, alternatively, angular size ratios) were confounded with environmental size ratios, and so it is unclear which controlled the rise in reaction time. This issue is important, for whether size is recovered in environmental coordinates prior to or after mental scaling and form matching places a basic constraint on the functional architecture of high-level vision (Cave, Pinker, Giorgi, Thomas, Heller, Wolfe, & Lin, 1994) . This is well illustrated by considering the Kosslyn, Flynn, Amsterdam, and Wang (1990) theory of highlevel vision. According to Kosslyn et al., information about the depth, distance, and spatial structure of facing surfaces-roughly corresponding to Marr's (1982) 2 1 2-D sketch-is computed by specialized input modules and collected in a "visual buffer." At this point in the processing stream, size is said to be coded in retinal coordinates (Kosslyn et al., 1990, pp. 217-219) . This view is supported by appeal to well-known neurophysiological studies of the visual cortex that are believed to reveal a number of visual maps organized retinotopically. Kosslyn has elsewhere associated the deployment of mental images with patterns of activity in such an early visual buffer (Kosslyn, 1980 (Kosslyn, , 1987 , in keeping with evidence that visual cortex is shared by both vision and visual imagery (Farah, 1990; Finke, 1989; Kosslyn, 1987) . Since mental scaling is thus expected to occur in a visual buffer in which size is coded in terms of visual angle, the theory predicts that reaction time will be determined by retinal size ratio (see also Cave et al., 1994) .
However, there are reasons to expect the opposite result. To begin, it is information about environmental size that is needed to guide behavior if we wish to pick up objects, walk through openings, or determine where to sit Size scaling: Retinal or environmental frame of reference?
or step (Gibson, 1950 ; see also the General Discussion, below). Further, Figure 1 illustrates that there is an immediate phenomenological effect of information for environmental size (the effect is more striking in the actual displays, viewed monocularly from behind a reduction screen). However, this does not decide the issue, since mental scaling and comparison may precede this conscious awareness. In the present experiments, we examined the hypothesis that mental scaling reaction times reflect estimates of environmental size.
In this study, we manipulated monocular or pictorial information for environmental size. Size perception is a complex subject, and we here settle for a brief sketch that indicates the basic sources of information available in the stimuli used in this study (Sedgwick, 1986 , provides a particularly useful review and discussion, given present purposes; see also Cutting & Vishton, 1995; Gillam, 1995; Hochberg, 1971; McKee & Smallman, 1998) . Important differences between the stimuli used in the different experiments and conditions are noted in the Method sections.
On the traditional account of size perception, size is determined by combining estimates of distance and of visual angle (this is the "size-distance invariance hypothesis"). Distance to a point on a ground surface can be determined monocularly, in eye height units, if the ground surface is known or assumed to be planar, and texture gradient (e.g., of size) is calculated at the corresponding point in the visual field (Purdy, 1958; Sedgwick, 1980 ; see also Sedgwick, 1986; Stevens, 1979 Stevens, , 1981 . Given a planar ground surface and an explicit or implicit horizon, distance to a point can also be determined, in eye height units, from the visual angle between the point and the horizon (Sedgwick, 1980; Stevens, 1979 ; for evidence implicating "slope of regard" in distance judgments, see Wallach & O'Leary, 1982 ; see also Sedgwick, 1986) .
In addition, a visible or implicit horizon specifies size directly, independently of distance-again relative to eye height, assuming that objects are resting on a ground plane (Sedgwick, 1980 (Sedgwick, , 1986 . Thus, the horizon inter- Figure 1 . Black-and-white reproduction of an example stimulus (from Experiment 2, hall condition). The retinal size ratio is 1:1, but the environmental size ratio is 1:2.5. sects objects taller than eye level at eye height. More generally, eye height scaled size along any dimension parallel to the picture plane can be determined provided that the visual angle between the horizon and the ground plane location directly beneath the surface being measured is available (Sedgwick, 1980 ; for empirical studies establishing and exploring the use of horizon-ratio information, see Mark, 1987; Warren & Whang, 1987; Wraga, 1999a Wraga, , 1999b . Of course, if eye height is known in "absolute" units, such as "yards," then size can be determined in such units, even if initially "read-out" in terms of eye height.
It is, finally, possible that the texture elements might be used as a scene-intrinsic environmental unit of measurement, uninterpreted relative to body dimensions (or otherwise); the relative sizes of the forms are specified relative to the number of texture units that align with their bases. Similarly, making use of the display horizon, it is possible that the scene might be scaled up in terms of a viewpoint height unit, without giving a body scale meaning to this height (in effect making no commitment about the relation between the simulated ground surface and the real ground surface underfoot).
The present study was not designed to distinguish between differing theories of size perception. Rather, the aim was to explore whether size scaling is, in general, sensitive to information for environmental size, in order to address issues concerning the functional architecture of the visual system.
EXPERIMENT 1
The basic approach of the present study was to vary both the retinal and environmental size ratios in a simultaneous same-different form matching task by placing random forms at different distances along a textured hallway. For example, in Figure 1 the retinal size ratio is 1:1, but the environmental size ratio is 1:25 (as specified by the available monocular size information). A two-factor crossed design was used in which the two factors were environmental and retinal size ratios. There were five different levels of each factor, ranging from 1:1 to 1:3. The relative effect of retinal and environmental size ratio on reaction time can be determined by comparing the slopes associated with the main effects.
Method
Subjects. Nineteen subjects participated, 10 men and 9 women. Most were undergraduate or graduate students at Brown University, and all but 3 were paid $10 for their participation. Six subjects had some general knowledge of the experimental design, including 3 who had run in an earlier pilot study; the remaining subjects were naive.
Apparatus. The displays were generated on a Silicon Graphics IRIS 4D/210GTX and displayed on a 19-in. monitor with a resolution of 1,280 3 1,040 pixels. They were viewed monocularly in a darkened room from behind a reduction screen with an aperture of 3.0 3 2.5 cm at a distance of about 19 in. A chin rest was used, but head movements were otherwise unconstrained.
Stimuli and Design. The checkerboard hallway was gray and white, the ground plane beyond was a reddish brown checkerboard, and the sky was blue. There was a slight darkening of the hallway and forms with distance. The forms were randomly varying silhouettes; nine vertices were chosen randomly within 20º "pie slices" and then connected together and placed on a base (Figure 2A ). On same trials, the two forms had the same shape. On different trials, one of the forms was constructed by randomly perturbing the vertices of the other form ( Figure 2B ). The perturbations consisted of clockwise or counterclockwise rotations of 6.65º about the origin (the point at which the pie slices converge), and displacements in or out by 20% of the original distance from the origin; the directions of the perturbations were chosen randomly under the constraint that the vertices remain within the same region of the pie slice.
A two-factor crossed design was used, with five different retinal and environmental ratios: 1:1, 1:1.5, 1:2, 1.2.5, 1:3 (standard: variable). There were thus 25 different combinations of retinal and environmental ratios.
The standard form was always approximately .75 m high in environmental coordinates, assuming a standing eye height of 1.6 m above the floor. The variable form was generated and placed so that it conformed to one of the 25 combinations of ratios. There were 20 tokens of each combination for same trials and 20 tokens of each combination for different trials for a total of 1,000 trials. Same and different trials were randomly intermixed, as were tokens of each of the 25 combinations.
The placement of the standard form was determined as follows. The forms were placed within a range of 6-21 m from the station point in environmental coordinates. Notice that if the environmental and retinal ratios are the same, the forms are at the same distance down the hallway. If the retinal ratio (standard: variable) is less than the environmental ratio, then the standard form is closer than the environmentally larger, variable form-with the separation greatest when the retinal ratio is 1:1 and the environmental ratio is 1:3. The reverse is true if the retinal ratio is greater than the environmental ratio. So, for each of the 25 combinations of ratios, there was an allowable depth range in which the standard could appear. When the retinal and environmental ratios were the same, this was the entire 6-21 m; when they were not equal, this allowable range was smaller. For each of the combinations, this allowable range was broken up into five equally spaced intervals, and the standard appeared in each interval an equal number of times-with the interval and the exact location within the interval varied randomly.
The vertical visual angle of any individual form ranged from approximately 2º to approximately 20º.
Procedu re. Each trial began with a black fixation bar (1.9º) shown sitting vertical in the middle of the hallway for 1.5 sec. Then a blank gray field was presented for 1 sec (to prevent apparent motion between the fixation bar and the forms), followed by the forms and the hallway. A pattern mask consisting of a grid of squares (each 1.5º) of randomly varying lightness was displayed as soon as a response was recorded. After the middle button was clicked, a blank gray field appeared for 500 msec, and then the next trial began.
Subjects were run in two sessions, each lasting approximately an hour. The sessions were run on different days within a week. The first session began with 130 practice trials, with feedback. This was followed by 500 trials, without feedback, in blocks of 100. The second session was exactly the same except that there were 100 practice trials. Subjects were instructed to ignore differences of size in judging whether the two forms were the same or different, and that "we will be analyzing how fast you respond on those trials where you answer correctly, so answer as quickly as possible while still remaining accurate."
Results
The average overall error rate was 4.6%; incorrect responses were not included in the analysis. Outliers were also eliminated according to the following rule: The mean and standard deviation were computed for each of the 25 combinations of size ratios for same trials, and outliers over three standard deviations were excluded for each combination. This always resulted in less than 2% of the trials being dropped.
The results are shown in Figures T tests on individual subject slopes were conducted with a Bonferroni correction for the two tests performed, yielding an adjusted significance level of .025. The difference between the environmental slope (101 msec, Figure 3A ) and retinal slope (71 msec, Figure 3B For those five combinations where the retinal and environmental ratios were the same, the two forms appeared in the same depth plane, as in previous size scaling experiments; these five combinations correspond to the diagonal five points shown in Figure 4 . As shown in Figure 3C , the same depth plane slope of 184 msec was close to the sum of the environmental and retinal slopes (101 msec + 71 msec = 172 msec). A paired t test between the sums of the environmental and retinal slopes and the same-plane slopes was not significant [t (18) < 1].
The size ratio on the different trials may be defined in terms of the undistorted version of the form from which the perturbed version was generated; from trial to trial the size ratio on different trials might be slightly off, but the size ratios calculated this way will be roughly correct on average. Slopes on the different trials, thus defined, were flatter, suggesting a different process. However, the effect of retinal size ratio was still significant [F(4,72) = 6.627, p < .001], as was the effect of environmental size ratio [F(4,72) = 4.087, p = .011].
Error rates tended to increase slightly with increases in both environmental and retinal size ratio (Table 1) .
Discussion
The results indicate that information specifying environmental size can strongly influence reaction time on a form matching task. However, there was also a strong and roughly equal effect of retinal size ratio. One plausible hypothesis consistent with the data is that, prior to the mental scaling and form matching, the visual system pools all available information and makes a "best estimate" about the environmental sizes or size ratio of the forms. On this hypothesis, the retinal size ratio effect results from the conflicting and/or incomplete size information. For example, although the displays contained rich monocular size information, binocular disparity and motion parallax were absent. Further, though care was taken to perceptually isolate the stimuli, some conflicting information that specified a flat screen remained: The viewing distance of 19 in. was close enough so that accommodation may have had an effect; the edges of the screen may have occasionally come into view as subjects readjusted their heads; the same adjustments specify a flat screen by motion parallax. And to the degree to which the displays are interpreted as flat, the perceived size ratio of the forms will approach retinal size ratioso "flat size ratio" is, on this account, a better phrase than "retinal size ratio." When the environmental size ratio (as specified by the hallway information) and retinal size ratio disagree, the best estimate falls somewhere in between; when the forms are at the same distance, the retinal and environmental size ratios correspond, and the full size effect is obtained. This interpretation of the results is explored further in Experiment 2, described below.
Separation in depth. Separation of the forms in depth is not a confounding variable, since it is not correlated with retinal or environmental size ratio. But if separation in depth affected reaction time, this would lead to a systematic interaction of a specific kind. For example, consider the rightmost column of five data points in Figure 4 . The upper right point corresponds to trials where the retinal and environmental size ratios are both 1:3, and so the two forms are at the same distance along the hallway. Moving down the column, the retinal ratio remains 1:3, while the environmental ratio gets smaller-and so the forms grow farther apart. Thus, if there was an effect of separation in depth, the right sides of the bottom lines in Figure 4 should slope up relative to the right sides of the top lines. But there is no evidence of this pattern. Alternatively, if size and form information are recovered separately from distance information, then depth need not be involved in the form matching task.
Different trials. Performance on the different trials exhibited a quite different pattern from performance on the same trials. In same-different experiments, where there is a reaction time effect of a dimension irrelevant to the task (here, size) on same trials, performance on different trials is stimulus dependent, in ways that are not well understood. But flatter reaction times on different trials, like those observed in Experiment 1, are not uncommon (Farrell, 1985, especially pp. 429-330, 434-435) . The present pattern of results suggests that subjects look for salient differences, which, if detected, allow them to quickly rule out the match; if no such salient difference is detected, there is enough uncertainty to lead them to scale one of the forms to check more carefully for a match-or, perhaps, to carry to completion a scaling process begun independently. The small but significant effects of size ratio on the different trials in Experiment 1 suggest that subjects do sometimes also scale when determining that the forms are different. These results diverge from those of Jolicoeur and Besner (1987) , who found a similar pattern for both same and different trials with a comparable range of size ratios (1:1-1:2.5) and different trials made up of different shapes (and not image plane rotations or mirror reflections). However, their forms had rectangular components which may not allow the sort of quick detection strategy sketched above, for reasons that are simply not clear. Unfortunately, the size scaling studies (Bundesen & Larsen, 1975; Larsen, 1985) that used stimuli most similar to those used in this study-spikey forms, randomly generated distractors, and a comparable range of ratios-do not report results for different trials. In the end, though, the issue does not seem to be of great importance, given current purposes: Subjects do scale on the same trials with these stimuli, and the question is whether size is coded in environmental or retinal coordinates when they do.
Further questions. An important question is whether the environmental and retinal slopes vary with the information available about the environmental sizes of the forms. If the visual system is indeed pooling available information and taking a best guess in coding size prior to mental scaling, then the environmental size slope should increasingly dominate as the information specifying environmental size is enriched, while the retinal slope should increasingly dominate as environmental size information is removed. The same depth-plane trials correspond to previous size scaling experiments, and the roughly linear rise in reaction time is qualitatively similar to the earlier size scaling results. However, because the same-different discrimination was fairly difficult, overall reaction times were higher than in previous size scaling experiments, which report reaction times of under a second for 1:1 size ratios (though the results are not out of line with reaction times seen in the mental rotation literature; see Folk & Luce, 1987) . One possibility is that the longer the forms are displayed, the more time subjects have to somehow "take account of " the available environmental size information, thereby inflating the environmental size effect. These issues are addressed in Experiment 2.
EXPERIMENT 2
The sensitivity of the slopes to environmental size information was explored by varying the size information, within subjects, across three conditions.
The displays in one condition were similar to those used in Experiment 1, with the forms placed at different distances along a textured, slightly shaded hallway, with a salient horizon. A second condition reduced the distance and size information available by displaying the forms in the same screen locations as before but against a frontal wall. A number of influences on the perception of distance/size under reduced information conditions have been identified (see Sedgwick, 1986 , for a review and discussion). In this condition, only the heights of the forms in the picture plane vary in accordance with levels of the environmental size ratio factor, and so would be the determining source of any remaining effect of "environmental" size ratio. Finally, a third condition added cast shadows to the hallway display ( Figure 5) . A possible explanation for the remaining, strong effect of retinal size ratio observed in Experiment 1 was that subjects were able to partly ignore the size and distance information, "detaching" the forms from their surroundings. Other studies have shown that cast shadows strongly influence the perception of the location of static forms (Yonas, 1978) , as well as the perception of the trajectory of motion in depth (Kersten, Mammassian, & Knill, 1997) . So it was thought that adding cast shadows might help "anchor" the forms to the textured hallway, and thereby make it more difficult to ignore the environmental size information.
The reaction times in Experiment 1 were high because of the difficulty of the same-different discrimination.
Although the low error rate shows that subjects were able to do the task, the high reaction times suggest that they did so only with difficulty. For Experiment 2, the samedifferent discrimination was made easier.
Method
Subjects. Twenty-one naive subjects began the experiment. Two dropped out after one session, one at the request of the experimenter after experiencing extreme difficulty with the task. A 3rd subject completed the experiment but was not included in the analysis because of an error rate that exceeded 20%. The remaining 18 subjects included 10 men and 8 women. Most were undergraduates at Brown University, and all were paid $36 for their participation.
Apparatus. The apparatus was the same as that used in Experiment 1, except that a Silicon Graphics IRIS 40D/310 VGX was used instead of the GTX.
Stimuli and Design. The forms were generated in the same way as in Experiment 1, with three exceptions. First, the distortions on different trials were greater: Rotations were 6.65º as before, but the vertices were now perturbed in or out 25% of their original distance from the origin. Second, the forms were slightly narrower, to enhance the visibility of the shadows. Finally, the VGX polygon antialiasing was used to smooth the slight "jaggies" otherwise visible at the viewing distance used. 2 Each of the three conditions in Experiment 2 had a separate, twofactor, crossed design, with five different retinal and environmental size ratios: 1:1, 1:1.5, 1:2.0, 1:2.5, 1:3.0. In the hall condition, the forms were displayed in a checkerboard hallway similar to that used in Experiment 1; the slight darkening with distance was now controlled by the IRIS real-time lighting model, with the simulated light source 3.2 m high, 1.6 m in front of the viewpoint, and 1.3 m to the left of the viewpoint. The shadows condition was formed by adding cast shadows to the hall condition, constructed using a shadow volumes algorithm (see Foley, van Dam, Feiner, & Hughes, 1990, chap. 16 ). The wall condition displayed the forms in the same screen locations as in the previous two conditions but against a frontal checkerboard wall of indeterminate distance.
Procedure. Each trial began with a fixation bar, shown in the middle of the hallway for 1 sec, followed by a blank gray field for 500 msec, and then the forms and the hallway. The pattern mask was displayed as soon as a response was recorded. After the middle button was clicked, a blank gray field appeared for 500 msec, and then the next trial began.
Subjects were run in six sessions on different days, each session lasting approximately 40-50 min. Each of the three conditions required two sessions to complete. All 18 subjects ran in all three conditions, with the order of conditions counterbalanced. 3 The first session began with 110 practice trials, with feedback; remaining sessions began with 80 practice trials. For each session, the practice trials were followed by 500 test trials, without feedback, in blocks of 100. The instructions were the same as in Experiment 1.
Results
The results for the hall condition are shown in Figures 6 and 7. A two-way RM ANOVA on same trials revealed a significant effect of environmental size ratio [F(4,68) = 21.671, p < .001], indicating that the environmental size information still exerted a strong influence on reaction time after the changes in the stimuli. As before, the effect of retinal size ratio was also significant [F(4,68) = 12.251, p < .001]. There was also a small but significant environmental 3 retinal interaction [F(16, 272) = 2.327, p = .047]. As in Experiment 1, the slope when the forms were shown in the same depth plane (142 msec) was close to the sum of the environmental and retinal slopes (75 msec + 61 msec = 136 msec). A paired t test between the sums of the environmental and retinal slopes and the same-plane slopes was not significant [t (17) A condition (hall, wall, and shadows) 3 effect (environmental and retinal) ANOVA on the individual subject slopes yielded a significant interaction [F(2,34) = 15.893, p < .001], in keeping with the dominance of retinal size when the hallway was removed. T tests on individual subject slopes were conducted with a Bonferroni correction for the 10 tests (including here the three comparisons concerning the same-plane trials already reported), yielding an adjusted significance level of .005. This is a conservative measure, and the p values are provided in case a weaker standard is felt appropriate.
In the hall condition, the difference between the environmental (75 msec) and retinal (61 msec) slopes was not significant [t (17) = 1.22, p = .239]. However, in the wall condition, the retinal slope (86 msec) was significantly greater than the environmental slope (33.5 msec) [t (17) = 5.207, p < .001], in keeping with the dominance of retinal size ratio in the absence of the hallway. The difference between the environmental slope in the hall condition (75 msec) and the environmental slope in the wall condition (33.5 msec) was also significant [t (17) = 3.631, p = .002], indicating that the full hallway information exerted a considerably stronger effect on reaction time than the weak size information that remained in the wall condition. On the other hand, the same comparison The average overall error rates were 4.55%, 3.83%, and 5.105% in the hall, wall, and shadows conditions, respectively. Same-trial error rates tended to increase with both environmental and retinal size ratio (Table 1) . A condition (hall, wall, and shadows) 3 factor (environmental and retinal) 3 ratio (1:1-1:3) ANOVA was conducted on the same-trial error rates. There was an effect of ratio [F(4,68) = 10.26, p < .001], reflecting the general rise in reaction time with retinal and environmental size ratios. Condition was also significant [F(2,34) = 4.078, p = .035]. However, there was no three-way interaction [F(8,134) = 1.747, p = .134]-so the different pattern of reaction times observed in the wall condition, with the effect of retinal size ratio coming to dominate, was not due to a shift in speed versus accuracy strategy.
Discussion
The results from the hall condition were qualitatively similar to the pattern observed in Experiment 1. Thus, the strong effect of environmental size ratio remains with more discriminable stimuli and reaction times approaching those found in earlier size scaling experiments.
As expected, retinal (or "flat") size ratio dominated in the wall condition. However, there was still a small but significant "environmental" size effect, due to information carried by the heights of the forms in the picture plane. In looking at the forms in the wall condition, there is indeed an impression that the higher of the two is more distant.
The failure to find a beneficial effect of shadows is perhaps, with the benefit of hindsight, not too surprising: Unlike the stimuli employed by Kersten et al. (1997) and by Yonas (1978) , the forms used in Experiment 2 already possessed a perceptually salient base that clearly conveyed their location in the hallway. With such stimuli, cast shadows apparently do not provide additional useful location information. This is in keeping with Gibson's (1950, pp.178-180) demonstration that there is a strong tendency to locate objects at the point they make optical contact with the ground plane, at least in the absence of evidence to the contrary.
GENERAL DISCUSSIO N Best Distal Estimate or Proximal Mode?
The results of Experiments 1 and 2 are consistent with the hypothesis that, before the scaling and matching process is begun, observers determine a best estimate of environmental size, given all the available information. With the hallway conditions, the best estimate-when the "flat" and environmental ratios do not agree-is about halfway between that expected on the basis of the monocular scene environmental size information and that expected if the forms were at the same distance, on a flat surface such as the screen. In the wall condition of Experiment 2, the latter interpretation dominates. In all conditions, when the forms are at the same hallway distance, the retinal and environmental size ratios correspond and the full size effect is obtained.
However, in light of the remaining effect of retinal size ratio in the hallway conditions, there are two other interpretations of the pattern of results that must be considered.
One possibility is that the effect of retinal size ratio arises, at least in part, at a different level of visual processing than the effect of environmental size ratio. Specifically, Cave and Kosslyn (1989) provided evidence for a size-based process of selective attention that is independent of the mental scaling employed in making shape comparisons (see also Larsen & Bundesen, 1978) . However, even if it is assumed that this attentional process is retinally coded and that subjects in Experiments 1 and 2 regularly "resized" an attentional window (say, once per fixation), it is still unlikely this would account for all, or even much, of the retinal size ratio effect observed in Experiment 1 and in the hall and shadow conditions of Experiment 2. This is because of the small slopes associated with such attentional adjustment, approximately 4-9 msec-with the lower number probably the closer estimate of the speed of attentional resizing, per se (see Cave & Kosslyn, 1989 , who also discuss and compare Larsen & Bundesen, 1978) . In any case, to the degree to which the retinal effect is traceable to attentional resizing, the conclusion that subjects code size environmentally prior to scaling would be strengthened.
Another possible explanation of the pattern of results is suggested by Rock's (1983) observation that "although an object at varying distances does appear to be the same objective size, its changing visual angle is by no means without representation in consciousness. We are aware of, even if not attending to, the fact that at a greater distance the object does not fill as much of the visual field of view as it does when it is nearby" (p. 254). Rock called this the "proximal mode" of perception, in contrast to the more natural "world mode," in which we attend to and represent environmental size. Gibson (1950, pp . 26-43) described a similar attitude of attending to the "visual f ield," which requires an "introspective or analytic" withdrawal from the more natural, everyday, immersion in the "visual world."
It is doubtful that this is truly a proximal mode, since (as Rock acknowledges) when subjects are instructed to adjust a comparison object to match a test object according to visual angle, their settings are between those that would match visual angle and those that would match environmental size (typically about halfway-see Sedgwick, 1986; see also McKee & Smallman, 1998, and Welch, 1992) . The theoretical interpretation of the proximal mode, as well as its exact relation to size judgments rendered under various instructions, are difficult issues and matters of some debate (Carlsen, 1977; Epstein, 1963; Gogel, 1990; McKee & Smallman, 1998; Thouless, 1931) . But Rock and Gibson are surely right that there is a perceptual stance or attitude that leads to judgments of size that at least more closely reflect visual angle than judgments rendered in the everyday, "world mode." Thus, an alternative explanation of the pattern of results observed in Experiments 1 and 2 is that subjects adopt the proximal mode, and as a result the representation of the size of the forms reflects a partial failure to use, or "tuning out," of the environmental size information in the displays.
Is there any way to empirically distinguish the possibility that subjects determine size in the "world mode"-but their representations reflect incomplete and conflicting size information-from the possibility that subjects are determining size in the proximal mode? One approach would be to further enhance the available size information, especially by adding stereoscopic information, while also reducing flatness cues. If, under such conditions, the main effect of environmental size ratio now strongly dominated, this would suggest that the "best estimate" interpretation is correct-with the estimate increasingly agreeing with the environmental size specified by the information in the displays as this information is enriched and conflicting flatness cues are removed. In the absence of this test, the best estimate account would seem more plausible for two reasons. First, even with incomplete and conflicting size information, the effect of environmental size ratio in the hallway was consistently higher than the effect of retinal (or flat) size ratio. Second, the proximal mode is unnatural and requires effort, and so it would seem an unlikely strategy to adopt in an experiment requiring speeded responses. However, even if the present results partially reflect a proximal mode, the large hallway environmental size ratio effects-and the significant "environmental" size ratio effect in the wall condition-still indicate a strong tendency to recover environmental size prior to the mental scaling and form matching.
Related Results
Related, complementary results have been obtained in a number of studies in which the stimuli, tasks, and theoretical motivations contrasted with those of the present study, in whole or in part.
On such area of research concerns the study of visual attention, using the visual search paradigm. There is accumulating evidence that some surface and scene information is accessible preattentively, at least in nascent form, as gauged by its availability to guide rapid search (Aks & Enns, 1992 Enns & Rensink, 1990 , 1991 He & Nakayama, 1992; Kleffner & Ramachandran, 1992; Rensink & Enns, 1995 ; see also McLeod, Driver, & Crisp, 1988; Nakayama & Silverman, 1986 , Ramachandran, 1988 . Several of these studies provide evidence for the strong conclusion that certain stimulus elements are not accessible preattentively if presented in contexts signaling, or helping to signal, surface characteristicseven when the same stimulus elements guide rapid search when presented in other contexts, or when shown in isolation (see He & Nakayama, 1992; Rensink & Enns, 1995 ; see also Enns & Rensink, 1991) . Perhaps most relevant to the present study are recent reports that environmental size information affects visual search in a size discrimination task (Aks & Enns, 1996; Ramachandran, 1989 , as cited in Enns & Rensink, 1991) . As Aks and Enns (1996) point out, their subjects did not seem to have preattentive access to the retinal sizes of the outline drawings of cylinders used, at least when the outlined cylinders were shown against-and seen as attached toreceding texture planes. Milliken and Jolicoeur (1992) also obtained complementary results, using a variant of an old-new memory task to explore the representation of size as it is held in memory over several minutes. Other studies (Biederman & Cooper, 1992; Jolicoeur, 1987 ; see also Cooper, Schacter, Ballesteros, & Moore, 1992) have shown that reaction time in an old-new memory task is lower when the test form is the same size as the earlier, studied form, as opposed to when the sizes differ. Milliken and Jolicoeur prized apart retinal and environmental size by placing subjects at different distances from the computer screen (using two different retinal and environmental ratios,1:1 and 2:2), and obtained evidence that it is "perceived size" that is represented in memory.
A further line of converging evidence has been provided by Burbeck (1987) . Spatial-frequency discrimination is a widely used tool in the study of spatial vision, but Burbeck pointed out that since the sine wave gratings are shown at the same distance, retinal frequency (cycles/degree) and object frequency are confounded. Burbeck teased the two apart by presenting gratings on two monitors located at different distances. Perhaps most telling, subjects appeared unable to learn to make the discrimination on the basis of retinal frequency, suggesting a strong, natural tendency to represent and compare object frequencies instead.
Several studies of form and pattern perception have also yielded broadly complementary results. One lesson of the earlier size scaling experiments is that size is represented integrally with form during the matching process, and the present experiments reveal that it is environmental size that is represented, at least in part. This is in keeping with studies suggesting that the perception of form and pattern is fixed by the relation of parts or elements in nonretinal reference frames (Palmer, 1992; Rock & Brosgole, 1964; Rock & Linnett, 1993) .
Finally, Uhlarik, Pringle, Jordan, and Misceo (1980) explored reaction times of verbal size estimates as the instructions, and the retinal and environmental sizes of objects, were varied. The stimuli used by Uhlarik et al. were photographs of single white blocks of different sizes displayed at varying distances along a textured surface. Subjects were told to judge the size of the blocks in terms of a 10-unit standard block, shown separately. Under all instructions, Uhlarik et al. found that reaction time increased with increases in the environmental size ratio of the test object and the standard. Uhlarik et al. suggested that subjects proceed by forming a mental image of the standard and mentally scaling it to fit the test stimuli, somehow counting, or measuring off, the size of the test stimulus in terms of the standard (see also Hartley, 1977) . 4 One problem with using verbal ratings to study size perception is that performance is sensitive to slight differences in terms of the way the instructions are framed and/or understood. And Uhlarik et al. reported that 8 subjects were replaced because, after the experiment, "They verbalized judgmental modes other than the one instructed" (p. 63). Similar problems afflict methods that require the adjustment of a comparison object to indicate size judgments (Sedgwick, 1986) . By contrast, the form matching task employed in Experiments 1 and 2 is simple, natural, and unambiguous. Although size is an irrelevant dimension, it nonetheless affects reaction time, and in a way that is sensitive to available size information. These considerations suggest that the form matching paradigm employed in the present study may provide a useful, alternative, indirect measure of size perception-perhaps especially if the "best estimate" account of subjects' performance on the task can be established as correct (see Aks & Enns, 1996 , for a related application of the visual search paradigm; see also Aks & Enns, 1992) .
Theoretical Implications
The present study was motivated in part by appeal to the theory of high-level vision advanced by Kosslyn et al. (1990) . The fact that environmental size is, at least in part, recovered prior to mental scaling and form matching indicates that the theory needs to be revised. The results of Experiments 1 and 2 suggest that the environmental size of local, visually present surfaces is represented at a level roughly corresponding to the Kosslyn et al. "visual buffer." And the related work discussed in the preceding section suggests that a range of additional surface and scene information is also recovered early in visual processing.
It is, however, important to distinguish different experimental tasks, which may tap functionally distinct capacities. So, for example, in perceptually classifying an object, the aim is to attach a label to exemplars that share certain general structural characteristics, and size does not appear to affect performance (Biederman & Cooper, 1992; Cooper et al., 1992 ; see also Landau, Smith, & Jones, 1988) . By contrast, it is important to extract and maintain information about environmental size in order to guide grasping and navigation. And the perceptual processes that help serve the latter functions may underlie performance on the same-different form matching task employed in Experiments 1 and 2, as well as the results obtained in the body of related work surveyed in the previous section. It seems plausible that the sizediscrimination visual search task (Aks & Enns, 1996; Ramachandran, 1989) , the form matching task used in Experiments 1 and 2 of the present study, and the old -new memory task (Milliken & Jolicoeur, 1992) illuminate different stages of a connected process of size perception and recollection.
Finally, as noted, Kosslyn et al. (1990) proposed that size is coded in terms of visual angle at the level of the visual buffer because of the received view that the early visual system consists of retinotopic maps. However, to begin with, the evidence suggesting that there are topographically organized visual maps does not establish that these maps are retinotopically organized: The standard way of determining receptive fields and their spatial organization is by presenting isolated stimuli to immobilized animals (Hubel & Wiesel, 1962) , but this confounds retinal and environmental spatial relations in much the same way that retinal and environmental size were confounded in the original size scaling experiments (see also, Pouget, Fisher, & Sejnowski, 1993) . Further, though the functional significance is not entirely clear, recent experiments have revealed that the size and possibly " [visual] field" location (Gilbert & Wiesel, 1992) of V1 receptive fields can change dynamically, within minutes, in response to retinal lesions (Gilbert & Wiesel, 1992) and to "artificial scotomas" (Pettet & Gilbert, 1992) . It has, as well, long been known that stimulation outside the "classical receptive field" of visual cortex neurons can affect response to stimuli presented within the receptive field (see Gilbert & Wiesel, 1990; Knierim & Van Essen, 1992) ; Lamme (1995) and Zipser, Lamme, and Schiller (1996) have recently provided compelling evidence that, with a range of stimuli, such "contextually modified" responses of V1 neurons are linked to the perception of surfaces segregated from backgrounds. These results cast doubt on the view that the early visual system is best understood as consisting of stable, retinotopic "maps" of "feature detectors" with fixed response properties (at least exclusively-see Zipser et al., 1996) . Rather, these experiments suggest that the early visual system contributes to the detection of basic surface properties.
Conclusions
The results of Experiments 1 and 2 suggest that prior to mental scaling and form matching, subjects make a best estimate of environmental size, given the available information. The paradigm developed shows promise as an indirect reaction time measure of size perception.
